Simulation of methane flows in noncoal mines by Cecala, Andrew B. et al.
Bureau of Mines Report of Investigations/l984 
Simulation of Methane Flows 
in Noncoal Mines 
By Andrew B. Cecala and Edward D. Thimons 
UNITED STATES DEPARTMENT OF THE INTERIOR 
Report of Investigations 8880 
Simulation of Methane Flows 
in Noncoal Mines 
By Andrew B. Cecala and Edward D. Thimons 
UNITED STATES DEPARTMENT OF THE INTERIOR 
William P. Clark, Secretary 
BUREAU OF MINES 
Robert C. Horton, Director 
Library of Congress Cataloging in Publication Data : 
i 
& 
C e c a l a ,  .Andrew B 
Simulation o f  methane f l o w s  in noncoa l  mines .  , 
(Report  of  i n v e s t i g a t i o n s  ; 8880)  
Inc ludes  bibliographical re ferences .  , 
Supt. of  D o c s .  no.: I 28.23:8880. 
1. Mine g a s e s .  2. Methane. 3. G a s  flow-Simulation methods.  
I. Thimons,  Edward D. 11. Tit l e .  111. Ser ies :  Report o f  inves t iga -  
t i o n s  (Uni ted  Sta tes .  Bureau of  Mines)  ; 8 8 8 0 .  
CONTENTS 
Page 
....................................................................... Abs t r ac t  1 
In t roduc t ion  ................................................................... 2 ............................................................ V e r i f i c a t i o n  t e s t i n g  2 ................................................................... Mine t e s t i n g  5 
Conclusions..... ............................................................... 9 
ILLUSTRATIONS 
................... Difference  between l a r g e  volume r e l e a s e  and plug r e l e a s e  .............................. P a r t i a l  mine map showing v e r i f i c a t i o n  t e s t i n g  ................... Tracer  gas concent ra t ion  curves f o r  v e r i f i c a t i o n  t e s t i n g  ................................ Tracer  gas being r e l eased  from gas  cy l inde r  ............................................ P a r t i a l  mine map showing . t e s t  1 ................................. Tracer  gas concent ra t ion  curves f o r  test 1 ............................................ P a r t i a l  mine map showing test  2 ................................. Tracer  gas  concen t r a t ion  curves f o r  t e s t  2 ............................ P a r t i a l  mine map showing d i l u t i o n  and d i f f u s i o n  
TABLES 
.................... 1 . V e r i f i c a t i o n  test  r e s u l t s  us ing  0.024 f t 3  of t r a c e r  gas 4 ........................................................ 2 . Resu l t s  from test  1 5 
3 . Resul t s  from test  2 ........................................................ 7 
UNIT OF MEASURE ABBREVIATIONS USED I N  THIS REPORT 
f t foot h hour 
ft3 cubic foot min minute 
f t/min foot per minute P P ~  part per billion 
SIMULATION OF METHANE FLOWS IN NONCOAL MINES 
By  Andrew B. C e c a l a '  and Edward D. Thimons 2 
ABSTRACT 
The Bureau of Mines has successfully tested a method to simulate 
methane (CH~) flows from face areas through the returns of noncoal 
mines. This technique' involves releasing a small quantity of tracer 
gas at a working area and sampling for that gas downstream in the re- 
turn airways. By measuring the dilution of the tracer gas, the dilu- 
tion of any volume of CH4 released at the face can be calculated. This 
information is useful in selecting locations for CH4 monitors and in 
deciding the necessity for permissible equipment in the returns. 
 inin in^ engineer. 
2~upervisory physical scientist. 
Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA. 
INTRODUCTION 
Methane gas (CH4) hazards  e x i s t  i n  a  
number of noncoal mines i n  t h e  United 
S t a t e s .  Although t h e  mechanism by which 
CH4 i s  emi t ted  i n t o  a  noncoal mine may 
vary according t o  t h e  type of mine, l a r g e  
emiss ions  of CH4 a r e  u sua l ly  a s s o c i a t e d  
w i th  f a c e  b l a s t i n g .  Most of t h e  Louis i -  
ana s a l t  mines have experienced gas  out-  
b u r s t s  a t  f a c e  a r e a s  dur ing  b l a s t i n g .  It 
i s  es t imated  t h a t  some of t h e s e  o u t b u r s t s  
may involve  a s  much a s  s e v e r a l  m i l l i o n  
cub ic  f e e t  of g a s ,  some of which is CH4. 
O i l  s h a l e  mines may experience s i g n i f i -  
c a n t  CH4 r e l e a s e s  dur ing  b l a s t i n g .  A t  
t h e  Horse Draw experimental  o i l  s h a l e  
mine i n  Colorado, Bureau of Mines s t u d i e s  
showed an  average of 40 f  t3  of CH4 being 
r e l e a s e d  per  t on  of rock broken dur ing  
b l a s t i n g m 3  For o i l  s h a l e  mines having 
s i m i l a r  CH4 l e v e l s ,  b l a s t i n g  t h a t  f r ac -  
t u r e s  1,000 tons  of rock pe r  sho t  can be 
expected t o  r e l e a s e  40.000 f t 3  of CH4. 
Large i n s t an t aneous  CH4 emissions pres-  
e n t  a  s a f e t y  hazard a t  f a c e  a r e a s ,  but 
l i t t l e  i s  known about how t h e  r e l e a s e d  
CH4 mixes wi th  a i r  a t  the  f a c e  and how 
f a s t  t h e  CH4 concent ra t ion  d i l u t e s  t o  
s a f e  l e v e l s  a s  t h e  gas cloud t r a v e l s  from 
t h e  f ace  a r e a  through the  r e t u r n  airways 
of t h e  mine. Such information would be 
of value i n  s e l e c t i n g  l o c a t i o n s  f o r  CH4 
monitors  i n  r e t u r n  airways and i n  decid- 
i ng  t h e  n e c e s s i t y  f o r  permiss ib le  equip- 
ment a t  given l o c a t i o n s  i n  a  r e tu rn .  
This  s tudy  does not s imu la t e  an ou tbu r s t -  
type  r e l e a s e ,  and i t s  r e s u l t s  could only 
be app l i ed  a f t e r  t h e  ou tbu r s t  p r e s su re  
has equa l ized  wi th  t h a t  of t h e  mine 
environment. 
The Bureau of Mines has  found t h a t  t h e  
t r a c e r  gas  s u l f u r  hexa f luo r ide  (SF6) can 
be used t o  s imu la t e  t h e  behavior  of a  CH4 
c loud.  S u l f u r  hexaf luor ide  is  a  color-  
l e s s ,  o d o r l e s s .  i n e r t  gas t h a t  has been 
used f o r  a  number of years  f o r  va r ious  
r e sea rch  s t u d i e s m 4  It is  a v a i l a b l e  i n  
gas  c y l i n d e r s  conta in ing  approximate- 
l y  1.5 f t 3  of gas .  The cy l inde r s  a r e  
weighed be fo re  and a f t e r  use  t o  determine 
t h e  exac t  volume r e l ea sed .  
VERIFICATION TESTING 
The Bureau procedure assumes t h a t  a  
sma l l  volume of t r a c e r  gas  can r ep re sen t  
a  l a r g e r  volume of CH4 f lowing through 
t h e  r e t u r n s .  Also, i t  is  assumed t h a t  
g a s  c louds of equal  s i z e  w i l l  have iden- 
t i c a l  d i l u t i o n ,  independent of t h e i r  con- 
c e n t r a t i o n ,  i f  they flow from i d e n t i c a l  
l o c a t i o n s .  The Bureau procedure uses  a  
sma l l  volume of gas  t o  r ep re sen t  a  l a r g e r  
volume of gas ;  f o r  example, 1  f t 3  of 
t r a c e r  gas t o  s imu la t e  a  m i l l i o n  f t 3 ,  of 
CH4.  This  can be done by e i t h e r  r e l e a s -  
i n g  a  1-f t3  plug of SF6 o r  by r e l e a s i n g  
t h a t  1  f t 3  i n t o  1 m i l l i o n  f t 3  of a i r .  I n  
3 ~ a p k o ,  M .  J. , J. K .  ~ i chmond ,  and 
J. P. McDonnell. Continuous Monitoring 
of Methane i n  a  Deep O i l  Sha le  Mine. 
Pres .  a t  15 th  O i l  Shale  Symposium (CO 
School of Mines, Golden, CO, Apr. 28-30, 
1982) ,  1983, pp. 62-73; a v a i l a b l e  upon 
r e q u e s t  from J. H. Gary, CO School of 
Mines, Energy Technol. Center ,  Golden, 
co . 
t h e  f i r s t  c a se ,  t h e  1 - f t3  plug of t r a c e r  
gas w i l l  have d i l u t e d  i n t o  1 m i l l i o n  f t 3  
of a i r  a t  some poin t  a s  i t  flows down- 
stream. I n  e i t h e r  ca se ,  t h e  SF6 concen- 
t r a t i o n  ( 1  x f o r  1  m i l l i o n  f t 3  CH4 
r e l e a s e  volume i s  assumed t o  be equiva- 
l e n t  t o  pure CH4. We can then  p r e d i c t  
t h e  peak CH4 concen t r a t i ons  t h a t  w i l l  oc- 
cur  a t  given l o c a t i o n s  i n  t h e  r e t u r n  by 
measuring t h e  peak SF6 concen t r a t i ons  a t  
t hose  l o c a t t o n s .  I f  a  peak SF6 concen- 
t r a t i o n  of lo-' occurs ,  t h e r e  i s  a  peak 
concen t r a t i on  d i l u t i o n  f a c t o r  of 10 f o r  
t h a t  l o c a t i o n ,  and t h e  es t imated  peak CH4 
- 
4 ~ u r k ,  A m ,  S. M .  Edmonds, H .  L .  Mark, 
and G .  G .  C o l l i n s .  S u l f u r  Hexafluoride 
a s  a  Gas-Tracer. Environ. S c i .  Technol., 
V. 2, NO. 1 ,  1968, pp. 44-48. 
Timko, R.  J., and E m  D.  Thimons. Sul- 
f u r  Hexafluoride a s  a  Mine V e n t i l a t i o n  
Research Tool-Recent F i e l d  Appl ica t ions .  
BuMines R I  8735, 1982, 15 pp. 
concen t r a t ion  w i l l  be 10%. This  r e l a -  
t i o n s h i p  is  t r u e  i f  1  f t 3  of SF6 i s  re-  
l e a s e d  i n t o  1 m i l l i o n  f t 3  of a i r ,  which 
we w i l l  c a l l  c a se  1. However, i f  1  f t 3  
of  SF^ i s  r e l e a s e d  a s  a  plug ( i n t o  1 f t 3  
of a i r ) ,  c a se  2, then  t h e  measured peak 
concen t r a t ion  d i l u t i o n  f a c t o r  would be 
less than  or  equal  t o  10. Figure 1 il- 
l u s t r a t e s  a r e a s  l and 2. 
I n  case  1 ,  t h e  SF6 i s  uniformly mixed 
i n  1 m i l l i o n  f t 3  of a i r  a t  t h e  r e l e a s e  
poin t .  The average concent ra t ion  is  1 
x and t h e  peak concen t r a t ion  is a l -  
s o  1 x l ~ - ~ .  The gas d i l u t e s  a s  i t  flows 
downstream t o  t h e  sampling l o c a t i o n ,  d i s -  
t ance  X. I n  case  2,  t h e  1-f t3  plug of 
SF6 is r e l e a s e d  and flows d i s t a n c e  Y 
Q I million f t3 '3, 
LL-- -32 
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downstream be fo re  i t  d i l u t e s  i n t o  1 m i l -  
l i o n  f t 3  of a i r ,  a t  which time i t  a l s o  
has  an  average concent ra t ion  of 1 x 1 0 ' ~ .  
However, t he  peak concent ra t ion  is  higher  
than  1 x because t h e  gas concentra- 
t i o n  i s  i n  somewhat of a  bell-shaped 
curve. The d i s t a n c e  i t  then  has t o  t rav-  
e l  from t h e  r e l e a s e  poin t  t o  t h e  sampling 
l o c a t i o n  ( X  minus Y ) ,  is s h o r t e r  t han  f o r  
c a s e  1 (where t h e  d i s t a n c e  is  X). Be- 
cause of t h e s e  two f a c t o r s  (h igher  peak 
and s h o r t e r  t r a v e l  d i s t a n c e ) ,  t h e  mea- 
sured  peak concen t r a t ion  d i l u t i o n  f a c t o r  
f o r  case  2 w i l l  always be l e s s  than or  
equal  t o  t h e  peak concent ra t ion  d i l u t i o n  
f a c t o r  f o r  ca se  1. Therefore,  a plug re- 
l e a s e  of SF6 should always s imula te  t h e  
lowest peak concent ra t ion  d i l u t i o n  f a c t o r  
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FIGURE 1. - Difference between large volume release and plug release. 
and thus  a worst-case s i t u a t i o n .  I n  or- 
d e r  t o  assume a s a f e t y  f a c t o r  and s tudy  
t h e  worst-case s i t u a t i o n ,  t he  Bureau of 
Mines uses  t h e  plug-release method i n  i t s  
s t u d i e s .  
To v e r i f y  t h a t  SF6 plug r e l e a s e  pro- 
vided a worst  case ,  t h r e e  t e s t s  were run 
a t  t h e  Bureau's Lake Lynn Laboratory. In  
t h e s e  t e s t s ,  0.024 f t 3  of SF6 was re- 
l e a s e d  i n t o  d i f f e r e n t  a i r  volumes (1.0 
f t 3 ,  14,000 f t 3 ,  and 56,000 f t 3 ) ,  and 
t h e  a i r  was sampled 325 f t  and 1,500 f t  
downstream from t h e  r e l e a s e  po in t  ( f i g .  
2). A gas chromatograph was used t o  de- 
termine t h e  peak SF6 concent ra t ions  a t  
t h e  sampling l o c a t i o n s  ( t a b l e  1).  
Each t e s t  was repea ted  t h r e e  t imes ;  t h e  
peak concent ra t ions  a r e  t h e  averages of 
t h e s e  t h r e e  t e s t s .  The r e s u l t s  show t h a t  
t h e  peak concent ra t ions  t h a t  occur down- 
s t ream of t h e  r e l e a s e  po in t  decrease  a s  
t h e  same amount of SF6 i s  r e l ea sed  i n t o  
l a r g e r  volumes. Therefore ,  i f  we use  SF6 
t o  s imu la t e  a 56,000-ft3 cloud of pure 
TABLE 1. - V e r i f i c a t i o n  t e s t  r e s u l t s  u s ing  0.024 f t 3  
of t r a c e r  gas  
LEGEND -- Airflow 




FIGURE 2. - P a r t i a l  mine map showing ve r i f i ca t i on  tes t i ng  a t  L a k e  L y n n  Laboratory. 
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Locat ion B 
1.71 x 10-7 
1.38 x 10-7 
6.6 x l o m 8  
CH4 f lowing from a  f a c e  a r e a  through t h e  
r e t u r n s ,  t h e  lowest  ( o r  worst-case) peak 
concen t r a t i on  d i l u t i o n  f a c t o r  w i l l  be ob- 
t a i n e d  by r e l e a s i n g  t h e  SF6 a s  a  po in t  
source  o r  plug.  I n  a l l  t h r e e  c a s e s ,  i t  
i s  assumed t h a t  an SF6 concen t r a t i on  of 
i s  equ iva l en t  t o  100% CH4. The d i l u t i o n  
f a c t o r  i s  then  ob ta ined  by d i v i d i n g  4.29 
x lo-' by t h e  peak SF6 concen t r a t i on ,  
which occurs  a t  t he  sampling l o c a t i o n .  
The c l o s e r  t h e  sampling l o c a t i o n  i s  t o  
t h e  r e l e a s e  p o i n t ,  t h e  g r e a t e r  t h e  d i f -  
f e r ence  between a  po in t  source  and a  
large-volume r e l e a s e .  F igure  3  shows t h e  
flow of gas  p a s t  both sampling l o c a t i o n s ,  
which r e p r e s e n t s  an average of t h r e e  sep- 
a r a t e  runs .  The d i f f e r e n c e  between a  re- 
l e a s e  of SF6 i n t o  1.0,  14,000, and 56.000 
f t 3  i s  g r e a t e r  a t  l o c a t i o n  A than  i t  i s  
a t  l o c a t i o n  B. This  confirms t h a t  t h e  
p o i n t  source  r e l e a s e  i s  always t h e  worst  
c a se ;  however, f u r t h e r  downstream, t h e  
d i f f e r e n c e  between a  po in t  source  and a  
l a r g e  volume r e l e a s e  becomes l e s s .  
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FIGURE 3, - Tracer gas concentration curves for 
verif ication testing, 
M I N E  TESTING 
Numerous t e s t s  were run a t  two l a rge -  
opening mines us ing  SF6 t o  s imu la t e  CH4 
f lows ,  two of which w i l l  be p resen ted  i n  
t h i s  r e p o r t .  I n  a l l  c a s e s ,  SF6 was re- 
l e a s e d  a t  a  working f ace  o r  bench and 
monitored a t  s e v e r a l  l o c a t i o n s  a long t h e  
r e t u r n .  The purpose of t he se  t e s t s  was 
t o  determine a t  each sample l o c a t i o n  
( 1 )  t h e  r educ t i on  i n  t h e  peak gas concen- 
t r a t i o n ,  and ( 2 )  t h e  shape and s l o p e  of 
t h e  gas  concen t r a t i on  curve from i n i t i a l  
d e t e c t i o n  t o  peak concent ra t ion .  
I n  t e s t  1 .  2.27 f t 3  of  SF^ was r e l ea sed  
d i r e c t l y  from a  gas cy l i nde r  ( f i g .  4) a t  
r e l e a s e  po in t  R ( f i g .  5 ) .  Samples were 
taken  a t  t h r e e  l o c a t i o n s  i n  t he  r e t u r n  
a i rway,  f o r  approximately 2  112 h  a f t e r  
r e l e a s e .  The r e s u l t s  of t h e  t e s t  a r e  
shown i n  t a b l e  2. 
Concentrat ion is p l o t t e d  a s  a  func t i on  
of time i n  f i g u r e  6. The average veloc- 
i t y  from the  r e l e a s e  po in t  t o  sampling 
l o c a t i o n  2  was g r e a t e r  than  l o c a t i o n  1  
TABLE 2. - Resu l t s  from t e s t  1  
Locat ion 
..... 1..  
2  ....... 
..... 3 . .  
Peak gas  
concen t r a t i on  
1.02 x 1 0 ' ~  
5.71 l o m 7  
1.49 10-7 
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FIGURE 4. - Tracer gas being released from 
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gas cylinder. FIGURE 5. - Part ial  mine map showing test 1. 
because the two booster fans (fig. 5) increased the velocity once the gas flowed out 
of the dead heading. 
If the mine operator wants to know the peak concentration of CH4 that will occur at 
sample location 1 if 50,000 ft3 of pure CH4 is released during a blast, the values 
from table 2 can be used in the following relationships: 
SF6 peak concentration at Z (peak CH4 concentration 
sampling locations - - at sampling location) . 
 SF^ released (ft3) CH, released (ft3) 9 
1.02 x 10-6, SF, concentration Z, CH, concentration - 
3 
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IGURE 6. - Tracer gas concentration curves 
test  1. 
Therefore, a release of 50,000 ft3 of CHI 
would result in a worst-case maximum CH4 
concentration at sampling location 1 of 
2.2%. At sampling locations 2 and 3, the 
peak CH4 concentrations would be 1.2% and 
0.3%, respectively, for the worst-case 
estimate. 
For test 2, the tracer gas was released 
in conjunction with a bench blast. 
Instead of releasing the SF6 directly 
from a gas cylinder, it was placed i:~ an 
airtight sampling bag, which was placed 
over a borehole filled with explosives 
LEGEND 
25- f t  roof 
80 - f t  roof 
Sampling location 
Release ~ o i n t  
Airflow 0 ~ ~ ~ ~ 0 ~  
0 
Scale, f t  
FIGURE 7. - Par t ia l  mine map showing test 2. 
(release point in figure 7). When the 
shot was fired, the bag ruptured, releas- 
ing the tracer gas into the entry. Sam- 
pling was performed at three locations in 
the return airway. The total sampling 
time was much longer in this test because 
the ventilating airflow was lower. The 
results are shown in table 3. The change 
in gas concentration as a function of 
time is shown in figure 8. 
No one was permitted in the mine during 
blasting. Although the first sample was 
not taken until 30 min after the blast, 
the peak concentrations were still cap- 
tured for locations 2 and 3, and it is 
believed that the peak value or very 
close to the peak value was also captured 
for location 1. By using these peak con- 
centration values in equation 1 to calcu- 
late gas reductions, it can be seen that 
substantial reductions in CH4 concentra- 
tions would occur. 
TABLE 3. - Results from test 2 
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FIGURE 8. - Tracer gas concentration curves for test 2. 
The reduction in CH4 concentration as 
the gas flows from a release point to a 
sampling location in the return will vary 
for every release point and sampling 
location because the airflow pattern be- 
tween any two mine points is never the 
same. Figure 9 shows that for test 2, 
gas flowing from the release point to the 
first return sampling location undergoes 
normal diffusion as it flows through mul- 
tiple airways, and is diluted by fresh 
air at the dilution points (crosscuts) 
labeled 1, 2, and 3. These dilution 
points are a major cause of the substan- 
tial reduction in the gas concentrations 




4$zza Dilution airflow 
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FIGURE 9. - Par t ia l  mine map showing d i lu t ion and diffusion. 
CONCLUSIONS 
SF6 tracer gas can be used to simulate information obtained can give guidelines 
large-volume flows of CH4 from face areas for selecting CH4 monitor locations and 
through return airways, The study did in deciding where permissible equipment 
not simulate an outburst-type release, is needed. However, because airflow pat- 
and the results would be applicable only terns are different for every mine situa- 
after the outburst pressure has equalized tion, test results from one location 
with that of the mine environment, The should be applied only to that location, 
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